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ABSTRACT

Laboratory tests were performed on samples of paddy and laterite soils obtained frem
the proposed right-of-way of the Rangoon-Mandalay Highway, Burma. These tests were
conducted to determine the basic engineering properties of the soils and to evaluate the
feasibility of stabilizing these soils with lime and cement.

The addition of lime to these soils had little beneficial effect on either soil. This was
due to the non-reactive nature of the soils and the poor stabilizing quality of tile lime
available in Burma.

Special tests using American lime indicated a strength increase of about 300% over the
natural soil strength, compared to an increase of less than 100% with Burma lime.

Addition of cement, on the order of 6% by dry weight of soil, effectively stabilizes
both soils. Unconfined compressive strengths of both are increased on the order of 300%.
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FOREWORD

This report describes a study performed by the Special Projects Branch of theConstruction Engineering Laboratory (CEL)*, Ohio River Division Laboratories for theCivil Engineering Branch, Engineering Division, Military Construction, Office of the Chiefof Engineers. The study was conducted in accordance with the "Instructions and Outlinefor the Evaluation of Materials for Overseas Construction." It is part of a long-rangeinvestigation of materials from overseas construction areas, especially those materialswhich are considered to have undesirable properties from a construction standpoint.

The U.S. Army Engineer District, Gulf, Tehran, and the Project Engineer, CE,Rangoon. Burma, obtained and shipped the materials used.

Messrs.N.B. Schomaker, R. C. Gunkel, G. M. Schanz, and E. M. Cundiff were activelyengaged in the study. Mr. R. L. Hutchinson, Chief of CEL, supervised the work. Thisreport was prepared at CERL by Mr. R. E. Aufmuth under the direction of Mr. E. A.
Lotz. Chief of the Materials Laboratory.

This report has been reviewed by the Office of the Chief of Engineers and revised on
the basis of comments received.

*in October 1968 the CEL became the Construction Engineering Research Laboratory (CERL),
located in Champaign, Illinois since ! July 1969.
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otieeih. mtid dkl U tk i tvtestIs~ %ite petil'irined onl soil inriens. Two specimens t'or cacti soil.I I in. i it
lia-ssing ai No. 4 sieve. rTe Altierberg linitis test was diameter by 2.81 iii. long, were conipacted and cured
pei tI mined Ainitilie so il passintg a (0.420 -min ( No. .40) l for 28 days. tIn eacti cycle o' fithe wet-.drv test: Ile

peee.T- t JV1kr1itCd oni file tna luraI sik and oil specimens were we igh ed and niceasu red: i1inineised itt

tese silis iixed Wilit ilme and cemlentl are listed in tap wa tel for 5 hrs: removed 1'rr n waler and dra ine(L
T abtle 1 . IFXce pt as oth erwi se s,tated. bhe procedures we ighed and mieasured (tried 1701 42 lirs iin i oven at
desciibed ini -Materials Test ing, TNI 5-530/AFNI 72.2'C-, weighed and measured. then onte Ol' the

Fx5I.lebt tiat y 1901. were used, duplicate Specimens Was lightly brushed anid Weighed.
T'he specimens were subjected it) additionial cycles

Testing. Thec diTIe rential thermal :i na lysis was per- uint il they deteriorated or unt il 12 cycles had been
fItr m1ed ( itt that potrltiotn itt thle so il passing tilie 74 pi cotmple ted.
lNit. 2001) nJeve. Tit-. test specimttent was brought to

eqtuilibriunt Withi air at .45 50'%7 relative humidity. The 11'eeze-thtaw test was pertltrnied in accordance
placed itt it electric f*urnace attd heated ait a untilorin Withi ASTM: D 559.60. This test pro _edure, which is
r"te lto the ranige from 1 000'C to 1 050'C. As file iittended for soil-cement specimens. lfomed a basis of'
N.1111ple was Iteated, a thernmogratin was recoirded. contparison lor all the treeze-thtaw speciments. Two
startintg at W'"C. The thermiogram was iterpreted by specimten,- for cacti soil. I1.31 in. itt diameter by 2.81
comparing it with curves frottn standard mmetrials ol itt. long were conmpacted as described in TM
knotwn comtlposit ion avii by rel*errintg lto similar tests 5-530J/Al-M 88.51 , and cured for 28 days. Ahter being
t'tt Soils previitusly SItidied. weighed aitd measured. the specimntts were placed ii

a water-saturated f7elt pad within thie specinten carrier.
X-ray analyses were pertoried onl the No. 200 TIte assembly was placed in a 1'reezer Withi a constant

wive material it) determine the gross identification it tenmperature of' 23'C for 24 lirs. thtent removed and
the silt and clay-sized matter, antdotn the 2pi (No. 325 placed to thaw in a moist room at 21'C for 23 firs.
sieve) material lto f*urther differentiate betweetn tite Free water was supplied to the telt pads ito permit the
clay minteral species. TIte specimens were analyzed oil specimens to absorb water by capillary action during
a G;enemal Electric XRD)-6 Diftrattometer using the thawing period. TIte specimients were then
ntickel-t'iltored CuK(t radiat ion at 4iKV antd 22tna. brushted, the amount of* heave was measured, and

thtey were turned otver etid-f7or-end before being
The lime cotentt required for stabilizing these replaced on saturated pads. completing otte cycle.

soits was determtined f'rotn uncontfined conmpressive The specimens were subjected to additional cycles
strength tests perf'ormed onl variotus soil-lime spec- until they deteriorated or had undergone t12 cycles.
ittnens cured fItOr 90 days at rultm temperature.
Essentially, this concentratiitn was considered as that
attount ott linte which when added to a soil produced
maximum strength gain after 90 days oif curintg at 3 TETRSLSA D ICU IO
roomi temperature. 3 ETRS LSA DDSUSO

Data. Test results are presented in Tables 1 -5 and
Itmmnersion tests were perfOrnted oin specimens oif Figures I - 10.

eacti sitil contpacted it) the same density and water
citntent as those lor thie unconfinted compression Discussion. As Figures 7 and 8 shitw, tlte additiitn of

tests. Twit specimens were prepared for eachi immer- lime does little to increase thle strength of either soil.

sion test. Each was cuired for 28 days. intmersed for the paddy soil reacting slightly more thant ite laterite,

24 firs in tip water. and then tested fuor unconfined TIte limited strctngtht increase with linme was traced to

compressive strength, the quality (if tlte Germatn lime, as discussed itt
Appendix 1. Botht soils shtow better thatn 30011

The wet-dry test was performed in accordance strengtht increase over the natural soil Wilit W7, cement

Wilti ASTNI:* 1) 559-57. Although thtis test pritcedure added and better than 600%X increase Withli~

is specifically fitr soil-ceient speciments. it served as a cement.
basis of' comtparisitn for all tlte wet-dry test spec-

Results of the immersion tests. prescetted itt Table
*Apnericwtt sodiief Teriuing4 andi,tfterials 4. shiow that both ntatural soil types disintegrated
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pilotit lohe end of [ie 24-hi immnersion period. thie paddy sotil hasaI very poor (CHW 4 at 1) ,5';
Addi,ion of' little to both soils increased(l lie resistaince comlpactive eff'oil. CEL55* whlile [ie laterite exhibit"
of, thle N1 itoit s;I1111:11ioii only slightly. The 1uncoil- a very good CBR value 75:it W5,; compal:ct ive ef'6itt

finled "Itenit'llis with limec added are c : 0- titan fihe (.5. Bothl o1 ithese Soils inav lie effeoti%cks~.tt
stientgiliN of" lie naittial soils ( Figs. 7. 8). lized with cemniit (6'; Ihv dry Weightl '1f soil). yielding

,strengt h increase in ex~cess of, .00';.
Additii of* cenliciit to each soil gieatly ini:tc.ised

file iesiswntce to s.am*talioni. The imlinetsion streng~ths Neither t these oils reacted with the Getman
(Table 41 ale slight; m lore dhanl hall, tlie unaltered little oliled ftloti Blurima. Strell'tli ilclextes %vele
soil-,xittent strengthiN Figs. 7. S). about (t psi fil thie paiddy soil and II Psi 1foilie

lat erite. lioweiet. wvitht Untited St ate'. littte r1 felly.
Addi ional durahility tests cotnsis!ed of wet-dry dratted Butrnia lime tile strenth iicase for thle

and f'leeze-Olhaws cycle% pelformied oil tlie soils hothI itt paddy soil was on tilie ordei of' 250 psi I'r 28-day
tleit niatliral state and whenl mixed witl, limte and cure specimens. Thle haterite was less reactive. exl.~
cetniem (r[ig, . t),1 Thle soil-iiie specimens showved iting only 20) ito 5 psi itncreatse Itit tile samne cuie
littlec resistance to repeaited wetling and drying. The times.
paddy -cceit ispec imenis showed si mila r resutis until
(le inmimu rn cemient contLent was reaChedL. Th,is
effect i ti;i be du 1i 0 to1th large 311101.11tt t Cicay-SiZe

material I-esulting itt a poor soil-cement tilix. Thle
laertceettspecimiens showed COnSiderable resisit- TABLE I

anceit)wet mgand tryng.Classification Test Results oil Natural Soils
alie o eti tigat ryngrest fladiy Lt.aerite-

Freeze-Ithaw test results (Figs. 9i, 10) show trends Specifit G;ravity 2.72 2.78
similar tt) those of thle wet-dry tests, itt that thle Alterbrt; Limits: LL 54.3 4i).2
soil-lintie specimens show poor durability character- 11L 24.5 1 4.5
isti,,. *rhi laterite-limne (4 and 6,; litte) specimens Pt 29.8 25.7

shwless Iurabhility Ihan th le ntutral soi si mens. Maxsimum Dry D)enlity t115.7 tb/cu It 1 22.3 tb/utoi

The cernienit addit ives increatsed tilie resistance to OtnunMitr 40;1.1

frec/iiw, in d thIawine.

Test Lime (Cment
TABLE 2

Sptit (;.ti~2.43 3.08x Chemical Analvsis Results onl
Ft 1,,%f I)Yt ~' St1it)11'.I t14.18SO 2.6401 Burnin Soils and Stabilizing AgetIs

Apenis Isumaizs il rstlt o' ess n, Constituents Paddy Laterite I Linie Ccinen'

At-peitt I uiliniriesthereult oftets il SitkC 1Si0 2 t 66.281; -1.1s, 22925
Hurnt:t stik with United Staies antI rphydrated Aluiina tAI20.1) 14.60l 15,12 4 7(, ii.q1)

Geritin litte. It is evident I hai ile U.S. lime and Irton O\ide WeI0 1) 7.46 t S 8i) .11.1
rehiydiatetd German iitme are nmore beneficial for Calcium O\ide WaOt tt.1t2 01.1, 64.49 4o) 48

Magne%ium O\ide iNig0i 10.96 11.47 1 .31) 25A62
s,ab iIizationi than ii e Burnia Itinle as received. Anpen - StItPIMIC IS04 ) 0A.W wo i 1S 1.8.1
tit\ 11 soiintiarizes tile resuilts of(i'Califoinia Bearing Loiss ton Igition 6 28 71.25 1.49 3io.22
Ratio (CBR), moistfure-density. Atterberg limits, and Mtoi%ture 2.27 i0.94

gradatioin tests performed til these soils by thle Corps Uindeierineiid 1 .99 2.1t7 o.63 (i,86

of' Enigineers' Mediterraneain Division._1I0: 010'10MYtofil

4 SUMMARY AND CONCLUSIONS
Frottitlie test resuti s. the paddy soil is classified as

a tait clay (CII) aniid thle later it e soil as a leani clay *Corps o , I'ngciit -erv Prmithirte dt-failed in 1111ifal t s6tandrd
(CL). Mediterraineaii Division test results itidicate that 1521-AI
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TABLE3 TABLE 4
X-Ray Analysis Results Immersion Test Results ___

Soi Nn-CayClay Strength Strength
PdyQuartz Kao)linite %~ Lime lb/sq in. A Cement lb/sq in.

Gothile Illite Paddy Soil
Montmorrillonite 2 23.5 3 25.3
Mixed-Layer 4 71.4 6 169.7

Laterite Quartz Kaolinite 6 61.7 9 390.8
Flemetite Illite Laterite Soil
Veldipar chlorite 2 20.3 3 54.2

4 14.6 6 311.0
6 41.0 9 618.5

TABLE S
Atterberg Limits: Burma Soils Mixed with Lime

Soil Lime Content (% dry weight of soil)
PADDY Natural 1 2 3 4 5 6 7 9
Liquid limit 54.3 65.7 65.0 66.5 - 62.5 - 66.0 63.0
Plastic Limit 24.5 2 8.5 31.1 35.3 -38.2 -40.5 39.4
Plasticity Index 29.8 37.2 33.9 31.2 - 24.3 - 25.5 23.6
LATERITE

Liquid Limit 40.2 38.8 39.2 43.8 44.6 - 45.7 44.0 -

Plastic Limit 25.7 20.3 24.2 25.4 27.5 32.3 27.4-
Plasticity Index 14.5 18.4 14.9 18.4 17.1 -13.5 16.6-

U.S. STANDARDEV 011HWAG IN ilCi U.S. STANDARD S*W HUMURS NYO*OMMTR

60'1 L T 4. 3~ 2 1 1 I 'A 3 4 6 010 1416 20 30 40 30 70100 140 200 H -
I I DOWY 0 I II

720

1 1t I IAER iL 1

l to

S4 60VTY Z7

31DI 'o

PAD1 2.so0BONFT LYC 45 2.

SOI S9GA0T 27

Figue 1. Burm sois grdatin cuves
4 0 o o1 A 0.500 .0 0



MOISTURE-DENSITY CURVES

125 Ito T

2N LIME
1 LATERITE 1 4% LIME

a 6% LIME
20 05 too.

NOTE:SMAX DRY DENSITY OF NATURAL

- SOIL- 18,7kg/m X 1Ot
{ ~. (115.7 1k/ftAT OPTIMUM WATER

S95 CONTENT OF 140 PERCENT

oPADOY-1\

105 1
10 15 20 25 30

WATER CONTENT, PERCENT OF DRY WEIGHT

Figure 3. Lime-paddy soil.
100 i

5 IS 20 25 202

WATER CONTENT, PERCENT OF DRY WEIGHT

Figure 2. Natural soil.

120 19.4 /__- 2 % LIME

4% L IME
115 1T . 3% CEMENT- 18.5

- ofU~61. CEMENT
:"=9% CEMENT

- IIO

0 NOTE 
I  NOTE:MAX DRY DENSITY OF NATURALN MAX DRY DENSITY OF NATURAL

2 SOIL - is.7 kg/m o 102 SOIL-9.7 kl/m
3
X 102

(115.7 Ib/ffl
3

) AT OPTIMUM (122.31b/ftf AT OPTIMUM
t05 WATER CONTENT OF 19.2 PERCENT 16.9 WATER CONTENT OF 14 PERCENT

100 , , I 16.1 W C O

10 IS 20 25 5 10 Is 20 25
WATER CONTENT, PERCENT OF DRY WEIGHT WATER CONTENT, PERCENT OF DRY WEIGHT

Figure 4. Cement-paddy soil. Figure S. Lime-iaterite soil.
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1
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,._. ,,6% CEMENT

120 T

z
w

S115
NOTE: II\

MAX DRY DENSITY OF NATURAL SOIL-
19.7 kgAr 3 X 102(122.3 lb/fl3 ) AT

OPTIMUM WATER CONTENT OF 14.6 PERCENT
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Figure 6. Cement-laterite soil. 5



SUMMARY OF UNCONF'INED) COMPRESSIVE STRENGTH vs PERCENT LIME AND CEMENT

LEGEND
N 800 - ________________ ___________

E C-71 3 DAY CURE
0 ~ TDAY CURE
* 28 DAY CURE -

60 PAY CURE
03__

wz 600 a=90 DAY CURE

ct

U00

0

U.20z

NATURAL 2% LIME 4% LIME 6% LIME 3% CEMENT 6%/ CEMENT 9% CEMENT

Figure 7. Paddy soil.

cy 800LEGENU
800DY UR

3 DAY CURE
28DAY CURE

60 DAY CURE

lz 600 90 DAY CURE

0

w

U00
z

0C
z

NATURAL 2%~/LIME 4%. LIME 6% LIME 3%/ CEMENT 6% CEMENT 9% CEMENT

Figure 8. Laterite soil.



WET-DRY, FREEZE-THAW CYCLE RESULTS

WET-DRY FREEZE-THAW
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Figure 1. Paddy sol.
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APPENDIX 1: SPECIAL TESTS Test Results. The results of the chemic il analysis
Geneal.Dijme he ivesigaionot'lie urm sols. and x-ray diffraction analysis are as follows:

Geneal.l)ii tg te ne~tizationot he urm sols.CHEMICAL ANAI YSIS
1t %as 11-1CdI tha t tle u nco nfined colmpressive Quantity()

uleltl cnts were eriatic. Numerous reruns were Constituents Burma Lime United States Lime
made. hut the rests were still inlconisstenlt. Uncon- Silica (SiO 3) 1.92 04
tied coniliressive %slreigths decreased with increasing Alumina (AI203 ) 0.90 0.13

age a reveisal of p,ist experience. Normally the Iron Oxide (1"C20 3) -. 0.21
strengthu incteases as tlic c(ning age increases. Clacitum Oxide (CaO) 40.48 69.32

Magnesium Oxide (MgO) 25.62 1.50
Loss on Ignition 30.22 28.40

Special tests were intated in an at tempt to XRYDFRCINAAYIdeierinie it' thre poor results were caused by the XRYDFRCINAAYI
Buirtim lime with which the tests were prepared. Calcium Hydroxide 40.00 96.00
Ilirree spe,:rnins containing 4%'; United States lime (P'ortlandile)

%kei e prel%irtd for eacti curing period (7 and 28 days), Magnesium Ilydroxide 35.ti0 -
and uncoitlihned colpi essive s1trengthls were measured. Calcium Carbonate 25.00 4.001
These strenigths were then compared with the (Calcite)
shigi~lis olt ire specimens using the lime from
Bluria. Classification Tests. The chemical atnalysis oif the

limes indicates that the lime from Burma contaitied a
Ilecatise tIre results oft the special tests indicated lesser amount of CaO and more MgO than the United

tHit tire litte produced the ernatic results. additiciiial States lime. The x-ray diffraction analysis of the lime
tests were performied to determine how the lime was from Burma also indicates that cons;derably more
es ponsiblIe. calcium carbonate was present than in the United

States lime.

Additional Tests on Lime Types. The first series of Unconfined Compression Tests. Tests of the soil-test!; consisted of performing chemical and x-ray lime specimens indicate a considerable increase indiffract ion analyses on the United States lime and srnfifrbt h -ad2-a ue pcmnie-hydrating th,~ limie from Burnia. Also, three soil- compared to specimens compacted with Burma lirre.litte specimens foi- each curing period of 7 and 28 This increase was anticipated from previous experi-(I:iNs were prepared using 6% re-hydrated lime. The ence and confirmed that the inconsistent results were
O' lime was tiNed instead of the 4%7, to insure that cue yueo h ieotie rmBraenoughl lime was present for ie-hydration. All the cue yueo h ieotie rmBra
specimnets wor,. compacted at the saine density and The average unconfined compressive strengthq forwaier content its the initial test specimens. After the paddy and laterite soils, admixed with variousciirine. the unconfined compressive strengths were limes and cured for 7 and 28 days. are shown in Table

(I CI I M i le d .IA a n d F ig u re IA .

The ;,-condl series oif tests consisted of'performing pH tests. In the pH tests the two types of' lime
11 ineaismenients on various percentages of lime admixed with the relatively pure clay mineral kao-Ivtri Buoria andittiie United Slates. admixed with a linite, higher pH levels were obtained with the U.S.
kaolinile clay. rwventy' grains of soil (dry weight lime. Figure lB plots ph-I versus percent lime.
hasis) were placed in a I115-ml polyethylene bottle
ontd mixed w%it Ii successive percentages of both limes. Discussion. Previous literature on the mechanism of
tDistilled water ( 100 ml) was thien added to each soil stabilization (Refs. 3-7) generally indicates that
lotmtie. The samples were then placed tit a forced draft over a period of time after addition of lime to a soil, a
oven a1! OO'C foir 72' firs. Twice daily. the samples cementitious gel consisting of calcium silicate and/or
Weie tcn1(*vcd froin ire ovent, mixed t horoughly, and aluminates is formed. The referenced literature gener-
rerilaced titrite oven. The p1It of each sample was ally indicates that high pH facilitates the formation ttf
dleterinined after 7 2 firs. the gel by causing the silica to be dissolved out of the

8



structure of the clzy minerals; it can then combine Conclusions. The primary cause of inconsistent re-
with the Ca+ to form calcium silicates. In the pH test suits was the low CaO and high CaCO 3 content of the
described above, greater pH levels were obtained with Burma lime. The detrimental expansion characicr-
the lime from the United States than with the lime istics of the Burma lime's MgO content is considered
from Burma. Therefore, the increase in strength using to be only of secondary importance in producing
the United Stales lime could result in the increase in inconsisen -esults. Based on test results, no definite
pozzolanic or cementing action caused by the greater optimum lime content was determined for the paddy
percentages of CaO in United States lime. and laterite soils, although the 90-day strength with

6% soil-non-rehydrated lime specimens produced the
It was also theorized that the strength variability greatest strength.

observed in the initial tests could have been caused by TABLE IA
the detrimental expansion characteristics of the MgO Average Unconfined Compressive Strengths
and the excessive amount of calcium carbonate Quantity Paddy Laterite
present in the lime from Burma. Therefore, an x-ray % Lime Days tb/in2  tb/in2

diffraction analysis was performed, and additional 4% Burma Lime 7 140.2 72.2
specimens were prepared using rehydrated Burma 28 10)4.4 70.6
lime. These soil-rehydrated lime specimens indicated 4% U.S. Lime 7 260.3 108.1
a greater increase in strength for both 7-and 28-day 28 416.8 161.9
curing age than those specimens ,Ising the non-rehy. 6% Burma Lime 7 160.1 97.7
drated lime from Burma. However, this increase was 28 120.8 78.8
not as great as obtained by using United States lime, 6% U.S. Lime 274.5
nor was there any appreciable difference in strength 28 363.8
between the 7- and 28-day cured specimens. This was 7 234.8 114.7
atributed to the fact that as the x-ray analysis (Rehydrated) 28 245.3 109.2
indicated, not much unhydrated MgO was present. 60 326.5 1 1.8

4% OUR"A L11iE1

4% U.S. LW4E

. I I
-- 2812----------------------400 12.2

I-IIIIt

21.09 ----- 3 0 0

/ I

PAWY - - - -.-ERITE -

7 ()AYS 1128 DAYS, 1 7 c.S 1120 DAYS 10: I,,SS2 4 6 6 0 - -, a k-

LME COhINTT. PMCL"T O DW WWer

Figure IA. Comparison of unconfined compressive Figure lB. Correlation of pH vs lime content
strength for Burma and U. S. lime. of Burma and U. S. lime.
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APPENDIX 1I: PRELIMINARY SOIL INVESTIGATION /RANGOON-MANDALAY HIGHWAY

U.S. Army Corps of Engineers Mediterranean Division
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Figure 1iB. Paddy soil: project 63-02; test pit #8; station 1025+00; sample #R-1 2; depth 2.0 - 5.0 ft.
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Figure IIC. Laterite soil: project 63-20; test pit #1; station 353+00: sample #R-1: depth 1.0 - 4.0 ft.
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